Creative Commons Attribution-Noncommercial-Share Alike 3.0 Abstract: Vegetation was added to a fully-developed sandy point bar in the meander of a 5 constructed stream. Significant changes in the flow structure and bed topography were observed. 6
Introduction 18
The most obvious hydraulic impact of aquatic and riparian vegetation is an increase in 19 flow resistance and a reduction in conveyance capacity (Kouwen and 
(1) 103 To the leading order, the dominant terms in the cross-stream force balance are often B2water surface, the velocity is higher than the depth-average, and the centrifugal force exceeds the 116 pressure gradient, causing the secondary flow to be outward, away from the point bar. In this 117
paper we examine how the addition of vegetation to a point bar changes this secondary 118 circulation, and consider the effects this has on water and sediment supply to the sand bar, as 119 well as the resulting changes in bed topography. There are two physical mechanisms that limit the invasion and propagation of vegetation 255 into a stream channel. First, for a given unconsolidated sandy bed, the substrate becomes mobile 256 above a certain bed shear stress, defined by the Shields Parameter. But sediment motion alone 257 does not govern the presence of plant life. A plant may be able to survive an area with weak 258 sediment motion, but a rapidly scouring bed will cause plants to uproot and will preclude the 259 growth of aquatic vegetation that depends on the substrate for stability (Fonseca et al., 1983) . 260 Second, plants have an inherent lodging velocity that defines the flow speed at which the plant 261 material fails. This value is a function of the stem flexural stiffness, geometry and natural 262 roughness of the plant (Duan et al. 2002) . For the mobile sand bed found in the OSL, the 263 scouring threshold appeared to be reached before the lodging velocity because the plants lost 264 during the flood came out as intact plugs, with no observed damage to the plant material. This 265 implies that the plants dislodged because the substrate around them eroded, so that to understand 266 this loss we must consider the changes in sediment stability. 267
The Shields Parameter, € ψ, describes the ratio of destabilizing (drag) and stabilizing 268 forces (settling) for cohesionless sediment. This parameter is defined as 269
Here, € ρ s is the sediment density, C f is the coefficient of friction of the bed and d is the sediment 271 grain diameter. We can evaluate the changing stability of the bed by comparing the Shields 272 can assume that both the settling forces and the bed friction coefficient do not change. It is then 274 convenient to form the following ratio, to describe the changes in bed stability: 275
(4) 276
The areas in the vegetated cross section where erosion was observed corresponded to a Shields 277
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